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SUMMARY

An investigation was conducted to determine the effect of
water injection on the knock-limited performance of a V-type
12-cylinder liquid-cooled engine. The knock-limited performance
tosts were made at an engine speed of 3000 rpm wlth carburetor-
air temperatures of 1580, 1019, and 50° F at water-fuel ratios
of 0, 0.2, 0.4, and 0.6.

The following table summerizes the knock~limited deta with-
out water Injection and with water injection at a water-fuel ratio
of 0.6: )

v Vater- | F/A = 0.08 i F/A = 0.095
S s, Tuisl Brake Manifold !Breke | Manifold
air tem- ratlo jhorse-~ Pressure . horse- pressure
Pei‘atgre ~ power (in. Hg abs.) | power i(in. Hg abs.)
oF) | Q"0 Jowel © (0.6l 0] 061 0 | 0.6
158 7501560 36.5 [65.8' 990] 1625] 46.01 71.4
100, - | e50735§ 42.5 (68.5 1245} 1785| 53.6i 73.8
50 1350 1965  54.4 |75.0 1570 rllaso, 63.2! 873.0
] 1

BWater-fusl ratio of 0.4.



INTRCDUCTION

At the request of the Army Air Forces, Materiel Command, tests
were conducted at the NACA laboratory in Cleveland to evaluate several
methods of improving the power output of a V-type l2-cylinder liquid-
cooled engine. As a part of this genmeral program knock-limited.per-
formance tests were made with a wide range of carburetor-alr tempei-
atures to determine the effects of aftercocling on the knock-limited
power output of the test engine. The effect of water injection on
the performance of a V-type 12-cylinder liquid-cooled engine was
determined during December 1943 and January 1944 by tests with con-
stant carburetor-alr temperatures of 158°, 101°, end 50° F at water-
fuel ratios from O to 0.6. A compilation of the data and a discus-
slon of the results obtalned in these water-injectlon tests are pre-
sented herein. :

APPARATUS

The investigation was conducted on a V-type l2-cylinder liguid-
cooled alrcraft engine having a displacement of 1710 cubic inches.
This engine has a compression ratio of 6.65 and is fitted with pistons
having keystone upper compression rings. In order to decrease the
poesibilities of plston faillure due to high temperatures and consequent
overexpansion at the high power levels anticipated, the diametral
Clearances between the piston and the cylinder wall were increased
0.008 inch over the standard clearances. The engine is equipped with
a double-venturl pressure-type carburetor and a si(:ngle-speed, single~-

stage supercharger with an impeller diameter of 95 inches and a gear

ratio of 9.6. Spark plugs, of the stendard type installed by the
manufacturer, were used. The tests were run with an AN-F-28,
Amement_z, fu.el.

Engine ingtallation. - The test engine was set up on a dynemem-
ster stand with a 2000-horsepower eddy-current dynamometer. O0il and
coolant (ethylene glycol) were supplied to the englne at specified
conditions by auxiliary equipment. The installation provided for a
variation of the combustion-air temperature fram -40° to 200° F. The
engine was fitted with special water-jacketed exhaust stacks with an

7
inside dlameter of 11_6 inches. This size represents a reduction

in diemeter of 1/4 inch below the diemeter of the exhaust-valve-port
outlets and a reduction in area of 27.4 percent. The exhaust gases
were carried away through a 12-inch-diameter gallery within which
exhaust-gas cooling was accomplished by multiple sprays of water.
Pressure in the gallery was held slightly below atmospheric by an
exhauster fan.
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Vater-injection equipment. -~ The water was contimuously injected
through 12" apray bars inserted -into the-intake manifolds-through
holes drilled in the top of the manifolds about 1 inch back from
the faces of the manifold mounting flanges, as shown in figure 1.

- The spray bars (fig. 2) were 5/32-inch-diameter, stainless-steel

tubing about zE inches long with six holes, each 0.016 inch in

dlameter, arranged in two rows of three holes each to spray weter
directly into each inteke port. Water was supplied to the spray

- .bars by individual lines from a tank, which was kept under pressure

with compressed air. Water flow was measured by calibrated rotem-
eters in the individual water lines.

A water-injection. system proposed for a flight investigation
on a fighter alrplane was installed on the test-stand engine for
rreliminary water-injection tests. This water-injection system
differed from the ons described in the preceding peragraph in that
water was supplied to the spray bars from a common manifold and
. that water flow was measured by a calibrated orifice in the line
. o the manifold. . The. tests with this weter-injection system are
reported in the appendix. . .

» - - -Special-equipment -and - inetrvmentaticn. ~ Magnetic~vibration-

type pickup units were used for knock detection. Imdication was by
moans of an emplifier-oscllloscope combination, using a commu-
tator to-reduce background interference.  Previous tests showed
that there was good correlation betwsen the occurrence of knock as
ovidenced by exhaust-smoke puffs and the occurrence of knock as
indicated by the oscilloscope. o

Mixture control was facilitated by the use of -a special alr-
bleed.valve comnocted across the carburetor-elr didphragm. This
device provided for mixture regulation between the autcmatic-rich
and the autamatic-lean control eettings and also allowed leaning
beyond automatic lean. The automatic-lean and the power-enriclment
- - Jots and the fuel-sprey nozzle were enlarged to provide for the high
. fuel flows required.for the high-power tests.

The carburetor-alr temperature was maasuz;od. by eight iron-
congtantan thermocouples comnected in parallel and arranged to
traverse the alr stream immediately ahead of the carburetor face.

© - Mixture-tertperature data reported herein were obtalned using

an ‘unshleldsd -thermocouple inserted to the middle of the central
manifold plpe approximately 92 inches downstream fram the flenge

of the supercharger outlet; thus, temperature measurements were
made upstream fram the point of water injection. Another unshielded



thermocouple inserted through the right rear-manifold primer hole
was used for checklng zixture temperatures. Readings from this
themocouple , Which are not presented in this report, were approx-
imately 10° F higher than those from the centra.l manifold thermo-
couple. .

Cylinder-head temperatures were measured by iron-constantan
thermocouples inserted in holes drilled from a position immediately
"above the ' exhaust-spark-plug receass on each cylinder to & point
between the exhaust-valve .seats. {B8ee fig. 3.) These thermocouples
measured temperatures in the critical regicn of the cylinder head
where single-cdylinder tests havée shown that craqking may occur at
high temperatures and high engine outputs. |

OPERATING CONDITIONS AND PROCEDURE

The followling operating conditlons were malntalned during the
tests:

Inginespeed,rpn....o...... i e-0 s o » » 3000 %5
Coolant-out temperature, F . « s+ « » e o« e s v &« 250%5
01l-in temperature, F . . ... « « ¢ 4 5 « o s e s s 4 o o . 1705
Spark advance, deg B.T.C.

mat....l..'l!.l......'lII.I‘.ll34
Intake” . + « ¢ o ¢+ 4 ¢ 4 s s o s s o s sTe 4 s s e s u s e s 28

Carburetor-air pressure was held at approximately -sea-leve. pressure.

Tests were run at ca.rburetor-air temperatures of 15809, 101°
and 50° 7, maintained to within #2° F, at each of four water-fuel
ratios (0 0.2, 0.4, and 0.6), The tests coverad a range of fuel-
air ratios from about 0,07 to a fuel-air ratio slightly higher than
"that at which peak knock-limlted power was obtalned.

In order to obtain a knoeck polnt, the-fuel flow necessary for
the desired fuel-alr ratio was first estimated on the basis of
previous experlencs. - From this fuel flow the water flow neceassary
to give the desired water-fuel ratlo was calculated. The water
flow was then set at the calculated velue and the fuel flow was
held at the estimated value while the knock point was obtained by
increasing the manifold pressure- until knock was observed.

The data were taken &t a medium knock -inténsity; that 1s, when
the oscilloscope indicated that three to five.cylinders were knocking.
Between knock points the éngine was operated ‘at conditions of low
power &nd relatively rich mixture.



RE&JIH.‘S AND DISOUSSION

Knock-limited zerfomanoe. - F:lgure 4 presents lmookalimited
engine performance at a carburetor-air temperature of 158~ F. The
knock-limited brake-horsepower ourves peak at successively. leaner
mixtures as the water-fuel retio is increased. The curve for a
water-fuel ratio of 0.6 shows a rapid decrease in kmook-limited
brake horsepower as the fuel-air ratio is increased beyond about
0.092. The knock-limited manifold pressure does not show a corre-
sponding decreese. The decrsase in knock-limited dbrake horsepower
wlthout a deoremse in menifold pressure probably resulted from a
decrease in thermal effioclency caused. by too much liq,uid in tha s
charge for proper vaporization and cambustion. ;

Except at fuel-alr ratios in excess of 0.092 the brake specifioc
fuel and alr comsumptiocns were lower with water injection than with-
out. The reduction was partly caused by the increased mechanical:
efficlency of the engine at the high powsr outputs attainable with
water injection. Indicated specific fuel and air consumptions
. would be expected to remein nearly comstant or mcrease slightly as
the water-fuel ratio is increased. .

'I'he curves of lcnock-limited engine performance at a carburetor-
air temperature of 101° T in figure 5 exhibit characteristice sim-’
ilar to those at 158° F in figure 4. The results at a carburetor-alr
temperature of 50° F shown in figure 6 are similar to those 1n
flgures 4 and 5. The brake apecific fuel and alr consumptions
decroase less 1n the lean-mixture region and increase more in the
rich-mixture region at a low carburetor-air tempereture (fig. 6)
than at the higher carburetor-air temperatures (figs. 4 and 5).

The maxrimum knock-limited brake horsepower during these tests was
1965 et a fuel-air ratio of 0.08, a water-fuel ratio of 0.6, and
& menifold pressure of 75 inches of mercury ebsolute. (See fig. 6.)

A comparlson of figures 4, 5, and 6 shows that for a glven
water-fuel reatio the knock-limited brake-horsepower curves peak at
gsuccessively -leaner mixtures as the carburetor-air temperature. is .
.reduced. The same trend was shown in reference 1 for knock tests
at several carburetor-alr temperatures without water injectien.

The data in figures 4, 5, and 6 are tabulatéd “in ‘table I and"
are- cross-plotted as. f‘unoticns of ,vater-fuel ratio :Ln figure 7
and - ‘as functiona of mixture tegnpera.ture In figure 8. - :

Flgure 9 presents the variation.of knoqk-li.mited ma.nfrold
pressure and brake specific fuel and liq_uid oonsumgtiops with knock-
limited dbreke horsepower. 'I'he figures. show the. ma‘nifold pi‘essu;rea



and -the b,ra.b gpecific fuel e.nd. liquid consmtiona req_uired for
operation at the power levels attained in these teets with fuel-air
ratios of 0.08 and 0.095 at thrée carburetor-air temperatures.

0 : . = Al11 tests were run at carbu-
retor Inlet-alr pressures approximately equal to sea-level pressure
except when oxternmal beost was required to obtain the desired .
manifold pressures. When external boost was required, 1t was sup-
Plied at wide-open carburetor throttle, as shown in figure 10. The
dashed portions of ths curves of figure 10 indicate the minimum car-
buretor inlet-air pressures (or indirectly the maximum eltitudes) that
may be used to obtain the desired manifold pressures vnder the con-
ditions of these tests.  The carburetor inlet~air pressures shown in
figure 10 are measured values of supercharger lnlet-air pressures
plus 1.4 inches of mercury, the assumed pressure drop throwh the
. carburetor at wide-open throttle.

Cylinder-head temperatures. - Pigure 11 shows the cylinder-
hea.d.-‘beunpera‘bure patterns at fuel-eir ratios of 0.08 and 0.095 for
the runs represented by the curves in figures 4, 5, and 6. Temper-
: ature data from unpublished tests made with aevera.l engines of the
.-eeme model as the test engine used in this investigation show that

" .. the cylindex-head-temperature pattern is not the seme for any two

- englnes. These differences in cylinder-heed temperatures on several
Similar engines indicate that the dlfferences in head temperatures
from cylinder to cylinder are caused by small differences in the
locations of the thermocouples. Therefore, the temperatures fram
cylinder to cylinder are not direetly comparable, but comparison of
the temperatures on any cne cylinder of a given engine for different
conditions is valid.

Crosa.plots from the data in figure 11 ere presented in fig-
ure 12 and shov the effect on the individual cylinder-head temperatures
of water-fusl ratio at knock-limited conditions with a fuel-air ratilo
of 0.08. In genmeral, tho curves for the several cylinders are similer,
but some differences in shape may be seen. These differences may
have been caused by variatioms in the water spray from the individual
gpray bars and by possible forcing: of some water from one spray bar
into the intake port of an adjacent cylinder by the pulsating flow
of ths mixture in the manifolds.

The data in figure 11 were averaged and cross-plotted in fig-
ure 13 to show the effect of water-fuel ratio at Ikmock~limited
conditions at fusl-air ratios of 0.08 and 0.095 on average cylindexr-
head temperature. For convenience in analyzing the figure, the
knock-limited brake horsepowers attained at the .four water-fuel
ratios are shown on the curves. -



Fgure 14 shows the knock-limited breke horsepowsrs at which
the head temperatures in figure 13 were cbtalned. As the knock-
limited power is increased by increasing the water-fuel ratilo, the
cylinder-head temperatures rise until a certain water-fuel ratlo 1s
reached and then begin to decrease as the water-fuel ratio is fur-
ther ilncreased. The water-fuel ratio at which ‘the- temperatures
begin to decrease 1s approximetely 0,5 at a fuel-alr ratlo of 0.08
and a carburetor-alr temperature of 158° 7 and becomes lower as
the carburetor-ailr temperature is reduced or as the fuel-alr retio
is increased to 0.095. For a given knock-limited horsepower, the
average cylinder-head temperature 1s wvery nearly the seme whether
the lmock-limited power 1s attalned with a high carburetor-air tem-
perature and a high water-fuel ratio or with a low carburetor-air
temperature and & low water-fuel ratio provided that the selected
combinntions of water-fuel ratio and carburetor-air temperature
are on the rising parts of the cylinder-head-temperature curves.
(See figs. 13 and 14.) If the high combination of carburetor-air
temperature and water-fuel ratlio 1s on the decreasing part of the
cylinder-head-temperature curve, the desired power output will be
accompanied by a lower average oylinder-head temperature at this
point than at low carburetor-alr temperatures and low water-fuel
ratios, :

SUMMARY OF RESULTS

The following resulte were obtained from knock-limited per-
formance tests of a V-type 12-cylinder liguid-cooled emgins at an
englne speed of 3000 rpm with carburetor-ailr temperatures of
158°, 101°, and 50° ¥ and with several water-fuel ratios:

l. The maximum knock-limited brake horsepower attalned was
1965 gt a fuel-air ratio of 0.08, a carburetor-air temperature
of 50° F, and a water-fuel ratio of 0.6.

2. The ourves of knock-limited brake horsepower against fuel-
alr ratlo pesk at successively leaner mixtures as the carburetor-
alr temperature 1s reduced and as the water-fuel ratio i1s increased.

3. In genseral, water inJection became progressively less effec-
tlve 1n increasing the knock-limited performance as the carburetor-
alr temperature was reduced, as the mixture was enriched, or as the
water-fuel ratlio was increased. .
Aircraft Engine Research laboratory,

National Advisory Committee for Aercnautics,

Cleveland, Ohio, September 9, 1944,




APPENDIX

PRELIMINARY TESTS USING EXPERIMENTAL WATER-INJECTION SYSTEM

Preliminary tests were run with a V-type 12-cylinder liquid-
cooled engine to determine the effect of water inJectlion on the
knock-1limited power output of the engins and to test a water-injection
system that had been proposed for experimental use on a fighter
airplane at Cleveland. .

The weter-injection .gystem used in these preliminary tests
was similar to that described in the body of this report except
that the water was fed to the indivlidual spray bars by single lines
from a coomon manifold and that the water flow was measured by a
calibrated orifice in the line to the manifold. Calibratlon of the
system indicated that the variation of flow between nozzles was
less than +3 percent of the flow through one nozzle,

The fuel used was AN-F-28, Amendent-l. Unpublished data from
single-cylinder tests conducted at Cleveland show that this fuel
and the AN-F-28, Amendment-2, fuel used for the tests presented in
the body of this paper are very nearly allke iIn knock-limited per-
formence. Tests were run at carburetor-air temperatures of 158° and
101° P. All other engine conditions were the same as those given in
the body of thils report.

Figure 15 presents curvea of knock-limited englne performance
and mixture tomperature at a carburetor-alr temperature of 158° F
without water injection and with water injected to give water-fuel
ratios of 0.215 and (.41 at the knock point. These data agree well
with those obtained in subsequent tests (fig. 4) except that the
subsequent tests showed higher knock-limited horsepowers and mani-
fold pressures at water-fuel ratlos of 0.2 and 0.4 end slightly
higher mixture temperatures. Better water distribution, owlng to
the use of lndividual rotameters in each spray-bar feed line, 1s
considered the cause of the higher knock-limited horsepoweras and
manifold pressures obtained in the subsequent tests.

Data for knock-limited engine performance and mixture tempera-
ture at a carburetor-air temperature of 101° F and water-fuel ratios
of 0, 0.2, and 0.4 (fig. 16) agree well with those obtained in sub-
sequent teats (fig. 5). A slightly lower knock-limited horsepower
and a slightly higher breke specific air consumption at 0.2 water-
fuel ratio 1s agein shown. These differences are probably caused
by better water distribution in the subsequent tests.



TABLE I. - SUMMARY OF EKNOCK-LIMITED PERFORMANCE WITH

AND WITHOUT WATER INJECTION

.[Trtype l2-cylinder liquid-cooled engine; englne
speed, 3000 rpm; fuel, AN-F-28, Amendmant-z.]

Fuel- Water-iBrake ;. Increase "Manifold | Increase |
alr uel |horse-j over bhp |pressure| over mani-
ratiolratio |power Iwhen W/F = 0i{(in. Hg | fold
{percent) I abs.) pressure
| | when W/F = 0
i | (percent)
Carburetor-air temverature, 158° F
0.08 | O 750 | mmmmmmm—— me 36.5 |-memmmem—e—--
.2 1080 43.0 48.0 31.5
4 1350 80.0 58.0 58.9
.6 1560 108.0 65.8 80.3
0.095] 0 ~ [ 990 V---IiIIC +=-] 46.0 |-=-=me—-mme-
.2 1355 36.9 59.7 29.8
.4 1530 54.6 66.7 47.2
.6 1625 64.1 71.4 55.2 N
Carburetor-air temperature, 101° F
0.08 o0 950 | mmmmmmmem——- 42,5 |emmmmmeem——-
.2 1350 42.2 56.0 31.8
.4 1575 65.8 64.0 50.7
.6 1735 82.7 63.5 61.1
0.095| O A -YX- (P 53.6 |emmemmmmmmn-
2 1570 26.1 65.0 21.3
4 1695 36.1 70.2 31.0
.6 1782 43.2 73.0 36.2
Carburetor-alr temperature, 50° F
0.08 |0 1350 | mwemcm—e———— 54,4 |eeemmecemaana
.2 1695 25.5 65.0 19.5
.4 1850 37.0 71.1 30.7
.6 1965 45.6 75.0 37.9
0.095] O 1570 | mmmmmmmmmma- I R T —
.2 1720 9.6 68.0 7.6
A 1830 16.6 735.0 15.5
.6 1800 14.6 72.9 15.3

-Rational Advisory Committee
for Aeronautlcs
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Figure 2. - Close-up of water spray bar

z
!

oot et B il i i I (R E

inserted

n

intake manifold.




T T \—/ N
\
N .
=, " x\:&Y\’\ 2
\*\\ )\\
Intake \ : | i Exhoust
side I“I\\g\\' side
. X ),
\’\\ x )) /11°
lron-constanton  _L—] .
thermocouple E) / :
™ ) Exhoust spark-
b\ plug buﬁshlng
N |
R\ (/

Figure 3. - Location of thermocouple in cylinder heod.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



80
NATIONAL ADVISORY
COMMI TTEE FOR AERONAUTICS

E 70 o |
E el
AL
5 e /) - -
g sol__ Wa e
E pd .
é kol 1ab n//
o -
= 30122 // <
o5 % “/
Eg 1,0 //:/ /// /** =
| A -
A A
E_ﬁ ’///,//' >
1so: i aa
o

1600f—k P /b\

" x -
1400 / /] *‘\
a A = N
& // ,/
] /
:1200 /
E <
\
£ ]
g s K ]
g // Jater-ruel ratig
Pl
o |.6
& //
|~ Carburqtor-ir tamperdture,| 158%2° F

o

7

Eu.ua
.10 .11 .12 ‘

Pu'el-air ratio

Figure 46 - Knock=limited performanve with water injection at carburetor-air temperature
of 158" F. V-type l2-cylinder liquid-conled engine; engine speed, 3000 rpm; fuel,
AN-F-28, Amendment-2Z.

.07 «08



NATIONAL ADVISORY
_COMMITTEE FOR AERONAUTICS
[
(1]
3‘28 \"\'.L
8
>
@
£
a
523
Watdgr-fugl rafjlo
o 0
+ J2
x y
a Jb
Carbyreton-air |temperatude, 158+2°
5 -
i R -
& M o A e
ﬁ ] _‘,kﬁ
a 2l-iY
7 .07 .08 .09 .10 L1l v ITed12

Figure U4. - Concluded,

Fuel-air ratlo




80
NATIONAL ADVISORY .

. COMMITTEE FOR AERONAUTICS
a 0
©
E: /cr ly/ -+
- L~ + L
2 60 A Z o
2 - / =l
4 N 9
A -
:: 50 d
g
o ol
3
E P
R uolrz
i of
g
[+
£

NN

3 1.0 = V’j /
5 BEZCEER =
- B g prd
-~ u_P/’J/

\
T
y

/O'V

o
vH
O™

o

—

180 o
)‘ x

16 /K /“)/

/ s
/l
£ // 7 5 ¥
k-] +
2 / o ™~
g / /o/
% 1209
g / /q/
2 daterd at1
o o o
1004 A 1 -5
// a .6
q)' burefor-ayfr temperafure, ROL*A" F
804
ol-Ug
.08 .07 .08 .10 .13 .12 13 e

-09
Fuel-air ratio

Plgure 5. - Knock=-limited performance with water InJjectlon at carburetor-air temperature

of 101° F, V-type l2-cylinder liquld=-cooled engine; engine speed, 3000 rpm; fuel,

AN-F-28, Amendment-2.



NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
o 280
o
;5 >_+_D\a
o
s Wk?x\o*-ﬁﬂﬁu P
@
gEuo % Dot
4
=
L)
X 200
=
Waten-fuel ratjo
(o] 0
+ .2
x o4
o .6
9
Carbyreton-air |tempgraturte, 1gQ1+29 Vi
i i
8 Agf;f//
N L
o e, om
A Oo—| ol ;g==4
g h_x—&w x
A 7
.07 .08 .09 .10 o1l Ty,

Figure 5§, - Concluded,

Fuel-=air ratio




Krnock-limited manifold pressure,

Knock-limited bhp

NATIONAL ADVISORY
20 COMMITTEE FOR AERONAUTICS
F
/r/c —
70 X //
h—t_
// /4/ ’\r\
/ '/C v
s 6o / A/“/o’
a " 7
©
b0 [«
=
o /
/
1.4 g
40
1.2
A vl
L ¥N d |~
E{ 1.0 A -
el <
A
4 et T 2
Iz
" L
ul .6 +]
(SN ]
 C
[ =]
0N
0
~
2000 —ut
| —p—_
q n 'D\
x * x %
1800 /
/’_‘T\\
1600 < _
/
1400 / HatLEﬂ-Ll_EBFIO
4
/ e P
3 x -2
o |.6
1200
/ Cak'bur or-alir tepperalure,| 50%:
7
by 43
1
.06 .07 .08 .09 .10 11 o

Fuel-air ratio

Figure g. ~ Knock-limited performance with water injection at carburetor-air temperature
of 50 F. V-type l2-cylinder liquid-cooled engine; engine speed, 3000 rpm; fuel,

AN-F-23, Amendment-2.




Filgure

Fuel-air ratio

6. - Concluded.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
ol — -
& 24o
3
e
o
&
¥ o
g WWL%
o X !
200 ¢ aw-= TR
a
»
Cal
=
160
I —]
|
ater-fuell ratio I
o O
+ .
x L
O .6
9
? Carfpuretpr-allr temperature, O*Eq F
'cp:. T
=
—~ 8
s o P
8 -0 4”///A
2 Ve ——
7
ph-h#
.07 .08 .09 .10 .11 #i TR




TVv ¢V LB LA Ty LB AR BEALEEARLE LA TTTrTY

NATICNAL ADVISCRY 3
70 CCMMITTEE FOR AERONAUTICS - =
s E 1=3- 5
3 o —fF ]
2 7 B ]
&, 6ok -] ]
[N = - y
- - & ]
’g - // /, .
= S0F = .
q - s L :
B rd n
o e - g
o2 F l//////' 3
B o ho :
=F- B ]
o . - .
[ 2N = - 4
gd o ]
£ 30 ]
3 :
1800F :
1600t — =] ]
- — ]
E 1 /// ]
[N - ]
5 - ~ / p
1hod- -
o] - -~ / ]
o - A ]
o] o < f/ -
5 - e //// 1
— - L P b
l120C_ > 1
% P /////’ Fuel-aln ratio ;
o -, -3
g B/ % 0.Q¢ ]
> -/ _1l_ L ]
T QC95 4
100F .
C » f
- ////7 Carburptortalr| temperatursg, 158:2‘ F B
80Q- oli-Lg
’_lll 44 AM aa a2l s a2l g AAd Al A_lLLijlll Ll Ad 1111 Al ) At s adaiac i l)ilid ALl s il 14
0 .1 o2 o3 ol o5 .6

Water-fuel ratio

(a) Carburetor-air temperature, 158° F. Cross plot of data from

figure 4.
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